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1. graphite mold; 2. melt; 3. mushy zone; 4. solidified billet;

5. electromagnetic stirring; 6. fixed plate; 7. cooling water jacket
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Fig.1 Schematic illustration of horizontal casting process:
(a) without electromagnetic field; (b) with electromagnetic
field
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Table 1 Measured position of liquid-solid interface

Casting Current Casting

Li/mm  Ly/mm

temperature/°'C intensity/A Speed/m h*
460 60 - 475 2
100 - 400 2
566 60 470 440 2
100 370 340 3
614 60 390 360 3
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Fig.2 Macrostructure of alloy ingots under different current
intensities: (a) 1=0 A, f=0 Hz; (b) 1=100 A, f=30 Hz
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Table 2 Composition analysis of Zn-4.5Cu-0.2Mn-0.3Bi

Billets (/%)

Distance
Parameters from Cu Mn Bi Zn
surface/mm
15 3.542 0.1266 0.328 Bal.

25 3693 01258 02804  Bal.

35 3719 01257 02898  Bal.

o 85 4014 01288 03217  Bal.
Non-stifing 155 4002 01208 02714  Bal.
185 4194 01256 02779  Bal.

235 4106 01232 02711  Bal.

335 4238 01242 02811  Bal.

15 351 01208 03004  Bal.

25 3795 01231 02927  Bal.

35 3843 01216 02936  Bal.

Stirring 85 378 01209 03032  Bal.
135 4131 01235 02169  Bal.

185 432 01259 02479  Bal.

235 4173 01206 02297  Bal.

335 4266 0123 02462  Bal.
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Fig.3 Copper distribution of Zn-4.5Cu-0.2Mn-0.3Bi alloy ingots
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Fig.4 Effect of Ti addition on the transverse microstructure of

the billets: (a) upper part of the unmodified billet;
(b) central part of the unmodified billet; (c) upper part of
the Ti-modified billet; (d) central part of the Ti-modified
billet
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Fig.5 Transverse microstructure of the billets prepared under

different current intensities: (a) f=0 Hz, 1=0 A, upper part;
(b) f=0 Hz, 1=0 A, central part; (c) f=10 Hz, 1=60 A, upper
part; (d) f=10 Hz, 1=60 A, central part; (e) f=30 Hz, 1=60 A
upper part; (f) f=30 Hz, 1=60 A, central part; (g) f=30 Hz,
1=100 A, upper part; (h) f=30 Hz, 1=100 A, central part
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Effect of Technical Parameters on the Inverse Segregation and Solidification Structure
of Horizontal Continuous Casting Billet of Zn-4.5Cu-0.2Mn-0.3Bi Alloy

Cao Zhigiang®, Chen Fei?, Li Xiaojian®, Guo Jun?, Wang Jijun?, Li Tingju’
(1. Dalian University of Technology, Dalian 116024, China)
(2. Ningbo Powerway Alloy Materials Co., Ltd, Ningbo 315135, China)

Abstract: The paper studied the change rule of the forepart of initial solidified shell, cross-section structure and elements distribution of
horizontal continuous casting Zn-Cu alloy billets under electromagnetic field. The results show that the forepart position changes with the
casting speed, pouring temperature and current intensity. Among these parameters, casting speed plays the most important role. It is only
adjusting the corresponding casting speed according to the current strength and the pouring temperature that can improve the structure and
reduce segregation. The forepart moves backwards by enhancing the current and the casting speeds. When the liquid-solid interface locates
in the interspace between the cooling water jacket and the electromagnetic stirrer, the inverse segregation of Cu can be effectively
suppressed. Electromagnetic field removes the nonuniform cross-section structures and the difference between the final solidification area
and billet geometric center, and refines the dendrite structure. Stirring does not completely eliminate the deep gray dendritic copper rich
phases in the edge or center of the billets, instead of slightly larger dendrite sizes and the small edge-center structure difference. When
casting speed and current intensity is 3 m/h and 100 A, respectively, the most uniform and refined structure is obtained, while no obvious
change can be seen for other currents and frequencies. The addition of Ti cannot refine the billet structure or eliminate the inverse
segregation, but make the melt sticky with poor fluidity.
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